In this paper, a non-pulsating jet and a pulsating jet are researched experimentally and the experiment data are analyzed with a PTV (Particle Tracking Velocimetry) method. The velocity fields are measured accurately and efficiently with a PTV method based on fuzzy logic although the strong shear and turbulence appear in the jets.
The pulsation for generating pulsating jet is provided by a pulsating device, and its structure is shown in Figure 2 . A butterfly valve is driven by a motor. By adjusting the rotating speed of the motor, the different pulsating frequency can be generated. The pulsating device is set up under the nozzle (Suhara, 1999) .
Fuzzy PTV
In Fuzzy PTV, both the extraction and pairing of particles are based on fuzzy logic, which was introduced by Prof. Lotfi A. Zadeh in 1965 as a mean to model the vagueness and ambiguity in complex systems. The theory of fuzzy logic provides a mathematical strength to capture the uncertainties associated with human cognitive and judgement process, such as thinking and reasoning (Fuller, 1995; Kaufman, 1985) . In this paper, fuzzy logic is used to set up a method of particle tracking velocimetry, because in order to measure the jet flows, a PTV method, which is very robust to the noise in PTV images and very effective to the strong shear is needed.
Extraction of the particle information
Extracting particles in an image is a good candidate of fuzzy logic. The questions, such as whether a pixel should belong to a particle image and where is the boundary between two particle images, are examples that a fuzzy approach can be the more suitable way to manage. Therefore, a method base on fuzzy logic should be a good choice for it. A typical particle image is shown in Fig. 3 , which is extracted from a real PIV image. In this image every small block represents a pixel and the number is the gray level of this pixel.
From this image we can find out that a particle image should have the following characteristics:
A particle image should have a local maximum of gray levels.
All pixels in a particle image should have a gray level that is higher than a preset threshold.
The gray levels of all pixels in a particle image should have a degressive distribution; in other word gray levels drop continuously from the center to outside of a particle image.
This description can be implemented very efficiently with fuzzy logic and be performed satisfactorily (Shen, 1999 ).
According to the description of a particle image, a MISO (multi-input-single-output) fuzzy system can be established for the particle recognition, and its organization is shown in Figure 4 . Three inputs are selected for the fuzzy system of particle recognition:
the highest gray level of a particle image (Max), the gray level of a pixel (Gray) and the gradient of gray level between two neighboring pixels (Grad). The definition of the gradient of gray is expressed by the following equation.
(
Here, Grayp is the gray level of a target pixel, and
GrayR is the gray level of a reference pixel, which is the neighboring pixel of the target pixel and nearer to the center of the particle image than the target pixel.
The output of the fuzzy system is a fuzzy set, which represents the confidence of a pixel belonging to a particle image, ranging from 0 (low confidence) to 1 (high confidence). A pixel is regarded as belonging to a particle image if its confidence is higher than a preset threshold. For a correct vector, the size of particle in the first frame is very similar to that in the second frame.
For a correct vector, the gray levels of two particles are similar to each other.
The first feature can be found from any vector maps obtained from PTV and it is also a very reasonable assumption from the continuity of a flow field (Wernet. . Fuzzy system for particle extraction situation of particle distribution (Shen, 1998 
Output of the fuzzy system is the confidence of a vector pair. Only the pairs with confidence levels above the preset threshold level are considered to be valid.
Results and discussions
In the experiment, the sampling frequency is 250Hz,
i.e., the time interval between two frames is 1/250
second. The resolution of images is 640X480 (pixels). Comparing the average velocity distributions and vorticity distributions of pulsating jet and non-pulsating jet, the differences between them are very remarkable. After the pulsation was added to the steady circle jet, the influence region of the jet is enlarged greatly. Furthermore, because the forced pulsation is periodic, the flow field of pulsating jet appears a kind of periodic flow feature. This is shown very clearly in the distribution of vorticity.
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